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ABSTRACT 
Accumulations of protein deposits on the surface of contact lenses are a major 
cause of problems associated with contact lens wear. Protein removal systems 
are part of a care regimen designed to remove protein deposits. This study 
compares the efficacy of Alcon® SupraClens® daily protein remover and 
Alcon® Opti-Free Express® multipurpose solution used in combination, 
Alcon® RGP Multipurpose Disinfecting Solution alone, and the combination 
of Alcon® RGP Multipurpose Disinfecting Solution and Alcon® SupraClens® 
daily protein remover. The solutions were tested using PMMA contact lenses 
and four different rigid gas permeable (RGP) contact lenses coated in vitro with 
a 0.01% lysozyme solution and stained with Coomassie Blue. The efficacy of 
protein removal relative to untreated lenses was analyzed by scanning 
densitometry. The results showed the combination of Alcon® SupraClens 
protein remover and Alcon® Opti-Free Express® multipurpose solution to be 
34.6 to 63 .8% effective in removal oflysozyme from the RGP lenses. The 
combination of Alcon® RGP Multipurpose Disinfecting Solution and Alcon® 
SupraClens® daily protein remover was 46.9 to 70.4% effective in the removal 
of lysozyme. In contrast, Alcon® RGP Multipurpose Disinfecting Solution 
alone was, at best, 28.2% effective. All protein removal methods were only 
approximately 15% effective with the PMMA lenses. The results show 
SupraClens® is effective at removing in vitro coated lysozyme. 
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INTRODUCTION 
Nearly 20% of the population who use refractive correction utilizes 
contact lenses as their modality of choice (12). A drawback associated with the 
use of both soft and rigid gas permeable (RGP) contact lenses is the deposit of 
protein. Historically, research in the area of contact lens deposition has been 
done of soft contact lenses. The greater use ofhydrogel contact lenses in the 
United States, the larger and more frequent quantities of deposits found on soft 
contact lenses, and the more difficult removal of protein deposits from soft 
contact lenses are largely responsible for this greater research interest 
(3,5,8, 1 0). Further, deposits on hydrogel lenses tend to be more problematic 
than those on rigid gas permeable lenses are. However, there still exists a need 
to study protein deposits on RGP lenses due to problems associated with RGP 
deposition and renewed practitioner interest in prescribing RGP lenses. 
Deposits may have many adverse effects on the eye. These include 
reduced comfort with lens wear, decreased vision, and a reduction in secretory 
IgA, which can have an effect on the immunological response of the eye (7). 
The more serious problems such as superficial punctate keratopathy, giant 
papillary conjunctivitis, and corneal ulcers can be caused by autoimmune or 
hypersensitivity reactions to the protein deposits. Douglas et. al. found deposits 
on the surface ofRGP lenses may be the source of antigenic stimulation ofthe 
tarsal conjunctiva in giant cell papillary conjunctivitis (2). Tllis condition is 
seen less frequently in RGP wearers than hydrogel lens wearers, but is 
nonetheless still present. 
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The deposits found on contact lenses consist of a number of different 
elements from the environment and from nonnal body constitution. Tear film 
constituents include mucus, protein, enzymes, lipids, mucopolyaccharides, and 
calcium (5). Of these elements, proteins and lipids represent the major organic 
contaminants of contact lenses (1 ,6). Rigid gas permeable lenses are most 
prone to develop lipid deposits due to their hydrophobicity (1). Lipids may 
also form complexes with mucin, protein, or calcium thus making them more 
difficult to remove (7). Inorganic elements such as iron, calcium, and mercury 
are also able to bind strongly to RGP lenses (7). The contaminants of the 
surface ofRGP lenses are ground together by repeated blinking into an 
amorphous coating of plaque on the surface of the lens ( 4,5). The repeated 
blinking also encourages a multiplayer effect by breaking up parts of the 
coating during the blink (5). Fowler et. al. has classified deposits into four 
types: granular, trabecular, plaque, and cellular ( 4,5). All four types are found 
on hyrdogel, RGP, and PMMA lenses (3,4) . The exact characteristics and 
amount of the deposits vary depending on the wearer and lens material. 
There are a number of factors that effect the quantity and quality of 
deposits on contact lenses. These include both wearer related and lens related 
factors. Abnormal tear film quality and quantity can increase the amount of 
deposits (7). Greater mucin production has been shown in symptomatic 
hydrogel and RGP lens wearers (3). Transfer of foreign materials such as 
make-up, detergents, nicotine, bacteria, and other air-borne contaminants can 
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effect deposition on lenses (7). The cleaning regimen is also a very important 
factor as is wearing time. 
Lens material has a great effect on the type and quantity of protein 
deposition. This depends on such factors as polymer content, structure, and 
charge of the contact lenses (10). There are several mechanisms that attract 
protein and mediate its adherence to RGP surfaces. These surface interactions 
include hydrogen bonding, electrostatic interaction, and hydrophobic 
interaction. Hydrophobic interaction is the most disruptive to the contact lens 
wearer ( 5). Lenses with higher water content are more sensitive to tear film 
constituents due to their greater pore size. This is shown by the fact that higher 
water content lenses develop more deposits on the surface (7). In addition, as a 
lens ages it tends to attract more deposits (7). Monomers used in construction 
ofRGP lenses are methylmethacrylate, silicone, fluorine, organic acids, and 
other additives. Silicone is hydrophobic and lipophilic which increase the 
attraction for proteins and other substances found in lens deposits (2). This 
hydrophobic interaction with the monomer may also increase the binding of 
preservatives found in cleaning solutions and eye drops to the lens (9). 
Fluorine, on the other hand, has the ability to resist deposits due to its partial 
lipophobic property and low surface energy (5,9). Fluorine is hydrophobic, but 
when combined with methacrylic acid or s-vinyl pyrrolidone (wetting agents), 
it has increased affinity for soluble lipoprotein (which prevent protein 
denaturation) and tear film mucin (9). Tear film mucin coats a lens and makes 
it more comfortable to wear. The combinations of monomers that make up 
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RGP lenses can effect the nature of the lens deposit (5). For example, siloxanyl 
alkyl acrylate lenses are twice as prone to lipid deposition compared to fluoro-
siloxanyl alkyl acrylate lenses. Fluorine acts to decrease the lipophobicity of 
the silicone (1). Tan et. al. found that the amount of protein deposition was 
equal for different lens materials they tested, but the type of deposit differed 
with the lens material (11). 
There have been many ways used to quantifY and characterize deposits 
on contact lenses. These methods include secular and light microscopy, amino 
acid analysis, spectrophotometer, fluorescence spectroscopy, dye-binding 
assays, immunocytochemistry, scanning and transmission electron microscopy, 
high pressure and thin layer chromatography, and gel electrophoresis (7). 
Contact lens cleaners and disinfecting solutions have been utilized to 
keep lenses free of deposits, but they are not completely effective. Other 
methods of keeping lenses clean and the wearer free of complications are 
polishing or frequent replacement (11). Lens deposit removal, which 
subsequently keeps the wearer free of lens-induced complications, is of vital 
interest to the contact lens practitioner. Most important is the maintenance of 
the ocular heath of the patient. Secondly, patients who are successful contact 
lens wearers will be less likely to discontinue contact lens wear and seek other 
means of correcting refractive error. As more solutions and cleaning methods 
are developed to remove lens deposits, a method of measuring the efficacy of 
protein removal is needed. Measuring the amount of deposits remaining on the 
lens after cleaning is an ideal way to measure the efficacy of a cleaning system. 
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The aim of this study is to fmd an effective method to in vitro coat RGP lenses, 
and accurately measure the quantity deposited on the surface. This method can 
then be used to measure the relative effectiveness ofRGP cleaning solutions. 
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MATERIALS AND METHODS 
Contact lenses: Five different types of uncut and unworn rigid gas 
permeable contact lenses (RGP) were used in this study (Table 1). These 
lenses were a generous gift from Valley Contax (Springfield, OR). 
In vitro protein coating of lenses: Each lens was cleaned with Boston 
Daily cleaner as directed on the package. Lenses were rinsed with tap water 
and allowed to air dry. Each lens was placed in a contact lens vial with 5 ml of 
0.01% lysozyme solution (0.1 mg/mllysozyme, egg white; 2.80 mg/ml sodium 
chloride; 11.50 mg/ml sodium phosphate, dibasic; 2.30 sodium phosphate, 
monobasic; in purified MilliQ H20). Each lens vial was sealed and placed in a 
Bausch and Lomb Aseptor and run for one complete cycle. Contacts were 
stained in Coomassie Brilliant Blue R-250 (1.25 g Coomassie Brilliant BlueR-
250; 125 m1 isopropanol; 50 m1 acetic acid. 325 m1 MilliQ HzO). Each lens 
was placed in the Coomassie Brilliant Blue solution and microwaved for 30 
seconds. The Coomassie Brilliant Blue solution was poured off and contacts 
were destained in 1 0% acetic acid. The lenses were then microwaved in the 
10% acetic acid solution for 30 sec. Lenses were then taken from the 
microwave, rocked with 10% acetic acid solution for 10 min., and then 
removed from the acetic acid and allowed to air dry. 
Densitometry: Destained contacts were scanned on a Bio-Rad GS700 
Imaging Densitometer using IP Lab Gel software (Signal Analysis Corp. 
Vienna, VA). The software calculates the density of the staining of the lenses. 
Data are reported as average values of density. 
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Table 1. Rigid gas permeable contact lenses used. 
FSA = Fluorosiloxane- arcrylate 
PMMA Boston ES Floroperm Paragon Equal ens 
151 HDS !! 
Material PMMA FSA FSA FSA FSA 
Base Curve 42.75 42.75 42.75 42.75 42.75 
Diameter 10.0 10.0 10.0 10.0 10.0 
Dk 0 31 151 58 121 
Power plano plano plano plano plano 
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Cleaning of lenses: After protein coating, each lens was removed from 
the lens vial. Lenses to be treated with Alcon SupraClens were rinsed for 
approximately ten seconds with Alcon Opti-Free Express No Rub multipurpose 
saline solution. These lenses were then placed in a contact lens case containing 
2 ml Alcon Opti-Free Express No Rub multipurpose saline solution and one 
drop Alcon SupraClens daily protein remover. Lenses were allowed to soak in 
the case for four hours. After soaking, lenses were removed and rinsed with 
Alcon Opti-Free Express No Rub multipurpose saline solution for 
approximately ten seconds and allowed to air-dry. Lenses to be treated with 
Alcon RGP Multipurpose Disinfecting Solution were digitally cleaned, on each 
side ofthe lens, with 3 drops ofthe solution for approximately 15 seconds. The 
lenses were then placed in a contact lens case containing 2 ml Alcon RGP 
Multipurpose Disinfecting Solution. Lenses were allowed to soak for four 
hours. Following soaking, the lenses were rinsed for 10 sec. with Alcon RGP 
Multipurpose Disinfecting Solution and allowed to air dry. Lenses to be treated 
with Alcon SupraClens and Alcon RGP Multipurpose Disinfecting Solution 
were digitally cleaned on each side ofthe lens with 3 drops of Alcon RGP 
Multipurpose Disinfecting Solution for approximately 15 seconds and placed in 
a contact lens case containing 2 ml Alcon RGP Multipurpose Disinfecting 
Solution and one drop SupraClens. These lenses were allowed to soak for four 
hours. After soaking, the lenses were rinsed for 10 sec with Alcon RGP 
Multipurpose Disinfecting Solution and allowed to air dry. 
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RESULTS 
The linearity ofthe protein detection was 0.01 mg/rnl to at least 0.00125 
mg/ml, representing a range of zero to 62% (Figure 1). This indicates that 
densitometry determinations ofPMMA lenses treated with cleaning agents can 
be confidently interpreted to at least a minimum of 62% removal of protein. 
Caution should be used in interpreting results showing protein removal greater 
than this level. Due to a limited number ofRGP lenses available this 
experiment was not performed on these lenses. This experiment was designed 
to test the range of protein detection with the system used. Thus it should be 
the same regardless of lens material. 
After cleaning, lenses were subjected to densitometry analysis. Visual 
inspection indicated the lenses were uniformly stained. The density of staining 
was quantified using the Volume at Segments command on the IP Lab Gel 
software. This command calculates the optical density (staining) using the 
following: N = number of pixels in a selected region, lxy =pixel values 
(staining density) within the region scanned (segment), and B =background. 
Then, Volume = .L(Ixy)- N*B. The x-coordinate is the location of the max 
pixel value in the segment and the y-coordinate is the location of the min pixel 
value ofthe segment. A segment is the region selected to be scanned. The 
reported values are the average density of the scanned region given by: Ave. 
Value= (L lxy/N) - B. Using this data, an assessment of the efficacy of protein 
removal relative to untreated lenses could be made. 
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Figure 1. Densitometry of in vitro coated PMMA lenses versus 
concentration of lysozyme. Lenses were coated with lysozyme and analyzed 
by densitometry as described in Materials and Methods. Results shown are the 
mean of three densitometry average value determinations. 
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The results are summarized in Table 2. Daily protein removers were least 
effective at removing in vitro coated P:M:MA lenses. Only an approximate 12-
15% removal of protein was obtained relative to control PMMA for all 
conditions. The efficacy of protein removal variable between lens brand and 
cleaning method for the other lenses was tested. Treating Boston ES with 
SupraClens alone resulted in a 44.6% removal of protein whereas treatment of 
Boston ES with a combination of SupraClens and Alcon RGP Multipurpose 
solution resulted in a 70.9% removal of protein. Alcon RGP Multipurpose 
solution alone with Boston ES resulted in an almost negligible 6.2% reduction 
of coated protein. SupraClens alone resulted in a 34.6% removal of protein 
from the Floroperm 151 lens, while the combination of SupraClens and Alcon 
RGP cleaner resulted in 46.9% removal of coated protein. Treatment of 
Floroperm 151 with Alcon RGP Multipurpose alone resulted in no reduction in 
coated protein. Interestingly, Alcon RGP cleaner alone resulted in an apparent 
increase in the densitometry determination. Treatment ofParagon HDS with 
SupraClens alone resulted in a 62.8%removal of protein. Similarly, treatment 
ofParagon HDS with a combination ofSupraClens and Alcon RGP 
Multipurpose solution resulted in a smaller but comparable 51.6% removal of 
protein. At 28%, Alcon RGP Multipurpose solution alone was least effective at 
removing coated protein from the Paragon HDS lens. Treatment of the 
Equalens II with SupraClens alone was most effective at protein removal 
(63.8%). The combination ofSupraClens and Alcon RGP Multipurpose 
yielded results similar to the other lenses treated under these conditions. The 
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Table 2. Densitometry of Coomassie Blue stained rigid gas permeable 
contact lenses in vitro coated with lysozyme. Data are means± SD (n = 3); 
number in parenthesis indicates percent lysozyme removed relative to lenses 
that received no treatment 
PMMA 
No treatment 63.0±6.0 
SupraClens+Opt- 54.0±2.0 
Free Express (15.6) 
AlconRGP 56.2±2.0 
Multipurpose (12.1) 
alone 
SupraClens+ Alcon 54.39±1.30 
RGP Multipurpose (15.0) 
Boston 
ES 
Floroperm Paragon 
151 HDS 
Equal ens 
II 
54.7±10.2 39.0±4.8 86.4±15.6 47.0±3.7 
30.3± 4.2 26.1± 4.7 32.1±4.5 17.0±1.24 
(44.6) (34.6) (62.8) (63.8) 
51.3±1.4 44.6±2.5 62.1±9.8 38.4±15.1 
(6.2) (+11.6) (28.2) (18.3) 
16.0±3.0 21.2±3.2 41.9±5.0 13.9±1.0 
(70.9) (46.9) (51.6) (70.4) 
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combination removed 70.4% of coated lysomzye. As before, treatment of the 
Equalens II with Alcon RGP cleaner alone was least effective in removing 
coated protein, showing only an 18.3% removal. 
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DISCUSSION 
The results of this study show that SupraClens daily protein remover is 
effective at removing in vitro deposited lysozyme from RPG contact lenses but 
not from the PMMA lenses. Alcon RGP Multipurpose Solution is not effective 
at removing in vitro deposited lysozyme. A combination of SupraClens and 
Alcon RGP Multipurpose solution was effective at removing lysozyme from 
Boston ES and Pargon HDS. However, the combination did not improve 
protein removal with the Equalens II relative to untreated controls. There did 
not appear to be any correlation between the Dk of a lens and the efficacy of 
protein removal. Further, there did not appear to be a correlation between the 
Dk of a lens and the amount ofprotein deposited on the lens (Table 2). 
Additionally, this study provides an effective method for accurately quantifYing 
protein deposition and removal when studying RGP lenses. This system as 
outlined in this paper, yields consistent results while utilizing easily 
reproducible methods. The 0.01% lysozyme protein solution, as well as the 
staining solution ofCoomassie Brilliant Blue is both readily available and fairly 
inexpensive. Equipment needed, specifically the densiometer and software, 
pose more of an attainment challenge to the researcher. Despite the relative 
unavailability of a densitometer it is possible to visually inspect stained to 
obtain a subjective assessment of the efficacy of protein removal. Overall, this 
method could serve as a template for future studies regarding protein deposition 
on RGP contact lenses. 
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The level of protein coating in this study is likely above levels 
encountered physiologically. The protein was coated onto the lenses using an 
in vitro method that results in high level of protein being deposited on the 
lenses. The effectiveness of the protein remover on worn lenses can only be 
inferred based on results of this study. In addition, this study only considered 
one protein, lysozyme. Human tears contain many other proteins in addition to 
other factors that may accumulate on the lenses including, dust, microbes, 
lipids, and inorganic compounds. We can, however, assume that the solution 
used to coat these lenses provided a reasonable alternative that can be 
efficiently studied in the laboratory setting. 
RGP lens use may increase in the future as practitioners and patients are 
demonstrating a renewed interest in this refractive error correction modality. 
The exceptional efficacy of the lenses in regards to correcting refractive error 
make them a therapy of choice for many patients seen in optometric practice 
The data in this study should help in advising patients as to an appropriate 
cleaning regimen that will decrease the incidence of adverse effects associated 
with lens deposits. 
This study predicts that the combinations of Alcon SupraClens daily 
protein remover with Alcon Opti-Free Express or the combination of Alcon 
SupraClens and Alcon RGP multipurpose solution provide an effective means 
of removing protein deposition from RGP lenses. 
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APPENDIX 
Densitometry Data 
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A B 
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3 Ave Values: 13.5 
4 SUM(Ixy/N)-B 15.6 
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6 Stat Anal. 
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8 Std. Dev 2.77 
9 % 
10 
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E F 
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58.04 53.12 
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53.91 54.35 
56.22 54.39 
2 1.30 
12.09 14.95 
A G 
1 IPLABGEL Boston ES 
2 Column labels Background 
3 Ave Values: 11.63 
4 SUM(Ixy/N)-B 12.75 
5 12.11 
6 Stat Anal. 
7 Average 12.16 
8 Std. Dev 0.46 
9 % 
10 
11 
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13 Signal Analysis Corp 
14 Vienna, VA 
H I 
Control SI.Jfll"aCiens 
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61.77 41.61 
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IP LabGe1 
Signal Analsis Corp 
J K 
MPS SupraCiens+MPS 
63.71 25.78 
64.75 27.07 
61.91 31.48 
51.29 15.95 
1.44 2.99 
6.22 70.85 
A L 
1 IP LAB GEL Floroperm 
2 Column labels Background 
3 Ave Values: 19.99 
4 SUM(Ixy/N)-B 11.42 
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6 Stat AnaL 
7 Average 16.35 
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Signal Analsis Corp 
0 p 
MPS SupraCiens+MPS 
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63.64 41.23 
44.59 21.20 
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A Q 
1 IPLABGEL ParagonHDS 
2 Column labels Background 
3 Ave Values: 1.36 
4 SUM(Ixy!N)-B 1.07 
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6 Stat Anal. 
7 Average I 35 
8 Std. Dev 0_28 
9 % 
10 
11 
12 
~ 14 ~~al Analysis Corp Vienna, VA 
R s 
Control SupraCiens 
75 .85 28.76 
105.43 37.75 
82.08 33.93 
8643 32.13 
15.59 4.51 
62.83 
IP Lab Gel 
~ Anafsis Corp 
T u 
MPS SupraCiens+MPS 
54.85 4U4 
61.24 48.76 
74.07 39.18 
62.03 41.87 
9.79 4.96 
28.23 51.55 
-
--
A v 
1 IPLABGEL Eqau/ens II 
2 Column labels Background 
3 Ave Values: 2.49 
4 SUM(Ixy/N)-B 1.12 
5 1.91 
6 Stat Anal. 
7 Average 1.84 
---
8 Std. Dev 0.69 
9 % 
10 
11 
12 
13 l.Signal Analysis Corp 
14 Vienna, VA 
w X 
Control SuparCiens 
46.46 20.09 
47.02 18.85 
53.14 17.62 
47.03 17.01 
3.71 1.24 
63.83 
IP LabGe1 
Signal Analsis Corp 
y z 
MPS SupaCiens+MPS 
56.1 15.96 
38.57 16.66 
26.08 14.62 
38.41 13.91 
15.08 1.04 
18.33 97.80 
